The host-parasite interaction at the site of attachment of the adult hookworm, Ancylostoma ceylanicum, to the small bowel mucosa of the dog has been examined by transmission electron microscopy. The lamina propria around the heads of the worms showed intense infiltration with ncutrophilic and cosinophilic leucocytes, and plasma cells were also prominent. Erythrocytcs were cxtravasatcd within the lamina propria while the portions of mucosa engulfed into the buccal cavities of the worms were nccrotic and included aggregates of collagen fibres. Within the lumina of the worms were erythrocytcs in varying stages of lysis together with other nccrotic debris. The mucous membrane adjacent to the heads of the worms was ulcerated while more distant cntcrocytcs were small, distorted and displayed various degrees of microvillar loss. Many mucosal blood vessels had platelet aggregates within their iumina but no fibrin deposition was observed. Vessels were often seen in the bases of the ulcers and were prone to rupture. Erythrocytcs and leucocytes were seen in the dog intestinal lumen in close proximity to the bodies of the worms.
INTRODUCTION
Hookworm infection is a major cause of illness in man. The most important clinical manifestations result from iron-deficiency anaemia. The severity of anaemia is in turn dependent upon worm burden, the species of hookworm and the ability of the host to replace lost nutrients, particularly iron and protein. The mechanisms by which hookworms induce bleeding and the ways in which the host marshalls defences against these worms are not completely understood. Transmission electron microscopy provides a powerful tool by which the morphological alterations at the interface between adult worms and the host intestinal mucosa may be defined more precisely.
Three species of hookworms, Nccator americanus, A. duodenale, and A. ceylanicum complete their life-cycle in man. The third species, however, also infects dogs and cats. In this paper, we report the transmission electron microscopical appearances at the site of attachment of adult A. ceylanicum to the dog small intestinal mucosa.
MATERIALS AND METHODS

Parasite and animals
The acquisition, purification and maintenance of the strain of A. ceylanicum used in this study have been described previously (CARROLL ct «/., 1983) . Subsequent studies have confirmed that this parasite is capable of producing patent infections in man (unpublished observations). A 12-wcck-old male mongrel dog was prepared and infected pcrcutancously with 5,000 filariform larvae as described earlier. A patent infection was confirmed by the presence of eggs in the faeces of the dog 18 days later.
In vivo fixation of tissues
The dog was autopsicd six weeks after infection. The method ofi/i vivo fixation of tissues was similar to that described by THOMPSON ct al. (1979) . Briefly, the small intestine was brought to the exterior while the dog was heavily anaesthetized with halothanc. Individual segments of small intestine 5 cm in length, beginning 20 cm distal to the pyloric sphincter were ligatcd; the mcscnlcric blood supply remained intact. The fixatives, bufiered-formal-sublimate (BFSub) or paraformaldchydc-glutaraldehyde (GRAHAM & KARNOVSKY, 1966) were injected individually into alternate segments. Care was taken not to cause abnormal distension of the intestine. The blood vessels were then clamped and the segments were excised. Tissues injected with BFSub were placed in large volumes of this same fixative, whereas, the segments injected with paraformaldehyde-glutaraldehyde were placed in 2-5% glutaraldehyde in 004M phosphate buffer (pH 7-4) (PB). Following several changes of fixative the segments were cut into 2 mm rings and the areas of tissue with worms attached were dissected.
Cutting and staining of sections
Tissue fixed in BFSub was dehydrated in graded solutions of ethanol and embedded in Epon-araldite. Sections 2 /mi thick were cut on a JB IV Sorvall microtome (Ian Sorvall Inc., Connecticut, USA) and stained by MSB (martius, scarlet, blue) (LENDRUM et a/., 1962) . Blocks fixed in glutaraldehyde were trimmed to 1-0 mm 3 , postfixed in 1 % osmium tetroxide in PB for one hour and then stained in 2% uranyl acetate for 20 min. Specimens were dehydrated in graded solutions of ethanol and embedded in aralditc. Sections 50 nm thick were cut on an LKB III ultramicrotome (LKB, Sweden), stained with lead citrate then examined in a Philips 201 electron microscope at an accelerating voltage of 80 kV.
RESULTS
Light microscopical studies revealed worms penetrating deeply between the intestinal villi with mucosa invaginating into the buccal cavity. An intense inflammatory reaction was seen in the lamina propria in close proximity to the head of each helminth (Fig. 1 ). This figure also indicates representative areas which were examined in greater detail by transmission electron microscopy. Fig. 2 illustrates the appearance of the epithelium on the villus adjacent to a worm. The dimensions of the cntcrocytcs were reduced and the luminal microvilli were often sparse, short and blunt. Fig. 3 shows the surface of a villus closer to the head of a worm. The cntcrocytcs were completely lost and vessels were exposed in the base of the ulcer. Platelet aggregates were seen in these vcnulcs but fibrin strands were not observed. Cellular debris formed the surface of the ulcer. Fig. 4 depicts cellular debris and an inflammatory infiltrate, including ncutrophilic and cosinophilic leucocytes, which filled the region between the worm and the ulcerated intestinal mucosa near the head of the parasite. Although not shown in the electron micrograph, crythrocytcs were also seen in the spaces between worms and adjacent mucosa. Fig. 5 demonstrates the intense inflammation in the lamina propria subjacent to the head of the worm. The infiltrate consisted of neutrophilic and cosinophilic leucocytes and plasma cells. Most vessels were completely occluded by inflammatory cells. Numerous extravasatcd crythrocytcs were also present in the lamina propria. Fig. 6 indicates gross destruction of ingested tissue within the buccal cavity of the worm with degradation of both the mucosal cells and the infiltrating inflammatory cells. There were large agglomerates of collagen fibres within the debris. Fig. 7 amplifies the interface between buccal cavity of the worm and the intestinal mucosa. A fibrillogranular matrix was noted between the teeth of the hookworm and the necrotic tissue. A few fibrin bands were seen occasionally within the matrix. This behaviour clearly facilitates the acquisition of nutrients by the worms. It is probable that both plasma and erythrocytes are required by the parasites, although it is possible that they also utilize epithelial and connective tissues of the intestinal mucosa. There have been a number of histopathological studies which have demonstrated that several villi are drawn into the buccal cavity of each worm where they undergo lysis (ROCHE & LAVRISSE, 1966; KALKOFEN, 1970 KALKOFEN, , 1974 . The present transmission electron microscopical studies have confirmed that there is lysis of the mucosal cells situated within and in close proximity to the buccal cavity. In addition, this tissue contains large numbers of extravasated crythrocytcs which could have reached the interstitial spaces by diapedesis as well as by bursting of damaged small blood vessels. Some of these crythrocytcs were ingested and are seen in varying degrees of lysis within the hookworms' guts. Disruption of erythrocytes may have resulted from mechanical damage, although haemolysins produced by hookworms have also been reported (SCHWARTZ, 1920) .
The lumina of the hookworms' intestines was filled with the residua of lipid membranes and other debris from destroyed cells. They may have included erythrocytes, inflammatory cells and cntcrocytcs. Collagen fibres were not visible in this location despite the observations that collagen composed the major proportion of tissue deep within the buccal cavity. This suggests that hookworms may not be able to ingest easily this connective tissue.
The availability of blood for ingestion by hookworms may be enhanced by the absence of thrombus formation in the mucosa around the worms thus facilitating local bleeding. This is suggested by the observation that vcnulcs near the parasites were partially.occluded by platelet aggregates which did not contain fibrin. Two explanations of this phenomenon arc apparent. Firstly, the production of an anticoagulant by hookworms has been well described (EIFF, 1966; SPELLMAN & NOSSEL, 1971) ; this substance could have prevented the laying down of aggregates of fibrin. Secondly, inflammatory cells including cosinophils (RIDDLE & BARNHART, 1965) , produce a profibrinolysin which may have accelerated the removal of fibrin.
A considerable proportion of blood lost from the mucosa originated from tissue around the parasites. This is indicated by areas of ulccration of the intestinal epithelium adjacent to the body of the adult worms. Many blood vessels were exposed in the bases of these ulcers and were prone to rupture. Large numbers of erythrocytes were observed in the intestinal lumen between the host mucosa and the worms.
Observations of the intestinal mucosa more distant from the areas of frank ulccration indicated that there was loss or blunting of the microvilli of the enterocytes. Whether or not significant malabsorption occurs in hookworm infection is controversial (MILLER, 1979) . Our results suggest that if there is extensive disruption of the architecture or function of the microvilli as a result of very heavy worm burdens, then some impairment of absorption is possible.
Any lumen-dwelling helminth may be susceptible to a variety of chemical mediators of the immune response including antibodies, vasoactive amines, lymphokines and lysosomal enzymes. Although disruption of the intestinal mucosa permits feeding by hookworms, this also renders them amenable to attack by the cellular elements of the inflammatory reaction as well. An intense inflammatory infiltrate was seen in the lamina propria near the head of the worm. The infiltrate was composed predominantly of ncutrophilic and eosinophilic leucocytes, and some plasma cells were also present. Most of the cells within the buccal cavity of the worm were dead. Viable leucocytes were seen in the intestinal lumen of the dog in direct contact with the cuticle of the worms. Nevertheless, no damage by these cells to the parasites was discernible. It is possible that the frequent movements of the worms to new sites of attachment prevents their destruction.
In conclusion, we have used transmission electron microscopy to explore the events occurring at the interface between hookworms and the small bowel mucosa. Necrosis of the lamina propria, infiltration with acute inflammatory cells, and ingestion and lysis of erythrocytes by hookworms have been shown, while impairment of thrombosis in mucosal blood vessels has been suggested. The relative importance of mechanical disruption and the nature and roles of chemical mediators such as proteolytic enzymes and anticoagulants released by hookworms in determining these events require further elucidation.
